In vivo substrate specificity of periplasmic disulfide oxidoreductases.
In Escherichia coli, a family of periplasmic disulfide oxidoreductases catalyzes correct disulfide bond formation in periplasmic and secreted proteins. Despite the importance of native disulfide bonds in the folding and function of many proteins, a systematic investigation of the in vivo substrates of E. coli periplasmic disulfide oxidoreductases, including the well characterized oxidase DsbA, has not yet been performed. We combined a modified osmotic shock periplasmic extract and two-dimensional gel electrophoresis to identify substrates of the periplasmic oxidoreductases DsbA, DsbC, and DsbG. We found 10 cysteine-containing periplasmic proteins that are substrates of the disulfide oxidase DsbA, including PhoA and FlgI, previously established DsbA substrates. This technique did not detect any in vivo substrates of DsbG, but did identify two substrates of DsbC, RNase I and MepA. We confirmed that RNase I is a substrate of DsbC both in vivo and in vitro. This is the first time that DsbC has been shown to affect the in vivo function of a native E. coli protein, and the results strongly suggest that DsbC acts as a disulfide isomerase in vivo. We also demonstrate that DsbC, but not DsbG, is critical for the in vivo activity of RNase I, indicating that DsbC and DsbG do not function identically in vivo. The absence of substrates for DsbG suggests either that the in vivo substrate specificity of DsbG is more limited than that of DsbC or that DsbG is not active under the growth conditions tested. Our work represents one of the first times the in vivo substrate specificity of a folding catalyst system has been systematically investigated. Because our methodology is based on the simple assumption that the absence of a folding catalyst should cause its substrates to be present at decreased steady-state levels, this technique should be useful in analyzing the substrate specificity of any folding catalyst or chaperone for which mutations are available.